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"Tfie untznte.d feo^mo^ my abode. 

Jpa&6, a vilLi^uJi htnangvi; 

My mutAUi 6tUZ thz open naad 
And the bALght eyu o^ dangiA." 

— f rom Youth and Love 
Robert Louis Stevenson 
1850-1894 
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1. INTRODUCTION 

'ilic collaborative study to more precisely define tl)c pror'crties 
of the cosmic ray produced neut roti spectrum have been previonv ly 
described in detail [lleThl and preliminarv’ results obtained from three 
flijihts at northern mid-gcomajinct ic latitudes (50°N < X < 48“N) pulilished 
lMe78]. 

In this second report of exiierimental data, the data obtained from 
six flights miule in the period August - October 1975 are described and 
discussed. All data were taken aboard the ^iASA Airborne Observator>’, 
a C-141 aircraft, based at the /\mcs Research Center. 

2. SUMMARY OF FLIGHT PATHS 

Four flij^lits (flights numliered 4 tlirough 7) originated from Hickam 
Field, Hawaii, and the flight paths are shov\Ti on Fig. 1. These flights, 
whicli were made prinuarily to facilitate astronomical observations, happened 
to follow flight paths of almost constant geomagnetic latitude, in the 
range 17'’N < X < 21°.\, which was very convenient for the measurement of 
cosmic ray radiation. Altitude during the flights varied from 12.5 km 
to 15.7 km (41,000 ft to 45,000 ft). 

Following the four flights from Hawaii, which took place in August 
1975, two flii^hts originating from Moffett Field were utilized to calilirate 
the instruments flown from Hickham Field. Tlie flight paths of these 
latter flights (#8 and #9) are shown in Fig. 2. With the exception of 
one leg on Flight <*9, there was a large variation in geomagnetic latitude 
on these two flights. 



C-I4I FLIGHT PATHS 



FLIGHT 










Flight paths of two flights (Flights *8 and =9) 
originating from .\mes Research Center 
I 29 and 30 October 19~5). 


- 6 - 


3. INSTRUMENTATION 

Hewitt et nl (He76, Hc78J have described the radiation detectors 
that may be routinely flown aboard the C-141 aircraft. 

A Rcuter-Stokes ionization chamber and a Bonner sphere neutron 
spectrometer obtained data during the Hawaii based flignts. In addition, 
the operation of a recoil proton scintillation counter spectrometer [Hc761 
and a large area bismuth fission chc*uii>er [Mc65] wore tested during flight 
conditions. 

The dimensions of the moderators of the Bonner sphere neutron 
spectrometer are sunnarized in Table 1. 

TABLE 1. Bonner sphere spectrometer moderators 
(flights M - 1 * 0 ) 


Moderator Moderator 

size material 


5.1 

cm 

(2 in.) 

CH2 

7.6 

cm 

(5 in.) 

C!l2 

12.7 

cm 

(5 in.) 

CH 2 

20.3 

cm 

(8 in.) 

"2O 

25.4 

cm 

(10 in.) 

H2O 

30.5 

cm 

(12 in.) 

H2O 

45.7 

cm 

(18 in.) 

H2O 


Tlie smaller .node ra tors (5 inch diameter and less) were of polyethy- 
lene, vdiile the larger moderators consisted of water-filled aluminum shells. 
Interp. elation of the data taken in Hawaii is made difficult because these 
mixed moderators were used and also because a Lil crystal 8 nm dia. x 4 nm 





liigli was used to detect themal neutrons, rather tlian the standard 

12.7 mm dia. x 12.7 mm hiph (O.S in. * 0.5 in.) cr>'Stal for which response 

functions have hecn calculated. 

The experimental data taken with the sirvaller cr\’Stal were later 
nomuilized to t)iat which would have been observed had a standard-s i :e 
cry'Stal detector been used. Ihesc nomvil i nation factors were obtained 
during nights ;ind ’9 at higher geonvagnet ic latitixles (M°\ to 5(i°N). 
During the flights originating from Ami'S Research l!enter (lliglits "S and 
#9) aluminum activation detectors were flown in addition to the Bonner 
spherc S[K.'ct rometer . 

4. hXI’l-RlMI-.NTAL DATA AND ANALYSIS 

4.1 1 onica t i on Me : isu remen ts 

The higli pressure, argon-lilled ionization ch;imlier was aboard all 
llights. Prior to the Hawaiian series of measurenents it was calibrated 
using an instnniient which had been calibrated at the standard range of 
the Health Physics tlroup, Stanford University. Ihe experimental data 
olUained are presented in iablc 2 in the range of geomagnetic latitule 
I'^N < A < 21°\ and at altitudes between 41,000 ft and 15,000 ft. Die 
exposure rate varied from 200 pR/hr to 250 yR/hr. During flights ‘’S and 
Ifi), at a geonuignetic latitude of 45°N the e\i>osure rates measured were 
575 yR/hr and 385 yR/hr resix?ct ivcly 

4.2 Neutron M easure ments .'md Spectrum IX^temiinat ion 

■flic average of the counting rates obtained for each sphere during 
the fliglits originating, from Hawaii arc sumnuirizcd in Table 5. Data were 
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rABLi: 2. Ionization chambr r measurements. 


ficomagnetic lixposurc 

l-lij^ht latitude, X. Altitude rate 

number Cdej;. North) (ftj (pR/hr) 


4 

19.5 - 21 

41,000 

202 



4.‘^,000 

215 



45,000 

225 

5 

17 - 19 

41 ,000 

200 



45,000 

227 

6 

18.5 - 21 

41,000 

202 



45,000 

230 

7 

18.5 - 21 

41 ,000 

200 



43,000 

210 



45,000 

230 

8 

45 

41,000 

383 

9 

45 

41,000 

375 






TABLIi 3. Average coiuiting rates measureJ during the Hawaii 
fliglits (normalized to a l.ii detector n.5 in dia. > 
0.5 in. high, and a geomagnetic latitude of .lO^N i 


Moderator 

diameter 

(inches) 

Altitude 

(ft) 

Count ing 
rate 
(epm) 

Standard 

deviation 

(t'o) 

0 

41,000 ft 

14.3 

O') 

2 

A = 20°N 

27.5 

10 

3 


38,0 

12.8 

5 


57.0 

5.4 

8 


57.0 

4.4 

10 


50.- 

5.5 

12 


30.4 

5.3 

18 


14.8 

13 

0 

45,0<'0 ft 

-- 


1 

A 2 

2... 5 

10. h 

3 


38.2 

8.0 

j 


()(i . (> 

0.2 

8 


. 3 

5.1 

10 .. 


.35 . 2 

5.3 

12 


45.2 

0. 1 

18 


r.o 

11.8 
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T/\HLIi 4. Northern latitude flights; Li I d tcctor oountinj> 
rates 0.5 in 0.5 in. 


Bonner sphere 
diam fin. ) 

Altitude 

fft) 

Counting rate 
fepm) 

.Standard 

deviation 

(tV) 

0 

41,000 

59 2 

3.6 

r 2 


13f).8 

1.7 



22^.4 

5.4 

5 


302.5 

1.5 



283.17 

1.8 

o in 


224.5 

1.2 

12 


165.4 

1.6 

18 


-- 

-- 

8- in. aluminum disc 


26 . 6 

3.8% 



0 

41.00J 51.3 

5.4 

LO 

r 

2 

108. 

2.5 

a. 

rH 

3 

193. 

1.4 

*> 

o 

rO 

5 

257. 

1.4 

(U 

8 

23b. 5 

1.4 

o 

10 

193. 

1.3 

8 

12 

143.9 

1.2 


18 

69.5 

2.4 


8- in. aluminum disc 


24.1 


5.81 
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obtained at HvO altitikles -- 11, Odd (t and IS.lKH) it. A mrhiri'ated HI - 
coimter iva*^ useil to mnitoi tlie /ariations in eoiuitine rate dik' to dianites 
in latitude and alitutiKle and to correet the coiuiting rates 

ol>servi\l in the various i.Kxierators of the Honnei sphere spectrometer !lie"8|. 
The data of Table are nomalized to a jjeom;tj;net ic latitude of 2d"N. 

In addition to noniut I i :at ion with respect to ec'ODUJ.enct ic latitude, 
the data of lable 5 have lieen nonualized to the coiuit in}^ rate tliat would 
ha\'e been observed, had a standard D..') in diain. ' 0.5 in. Iii.eh l.i I ctystal 
been used. As discussed in Section .5, a detector of nen-standard size was 
used, liecause the imKlerator rc.sponse fiuictions have betm calculated for 
a 0.5 in di.'un. ' 0.5 in. high l.i I crystal, it was necessary to detennine 
noniial i zat ion lactoi-. Iliesc factors were obtained during flights I'H and 
"‘.I. !he factors olitained in this vvay arc uncertain to the extent that 
they vaiy with neutron spectnoii and the cosmic ray neutron spectrum varies 
with geomagnetic latitude. At the present tine, errors introduced by this 
nomilization procedure are judged to be mucli smaller than errors due* to 
other sources. 

lable 1 summarizes the e.xperi mental counting rates observed in the 
calibration flights t8 and "9. 

Measurements m.ade vvitii tlie recoil proton spectrometer were perturbed 
by aircraft vibrati-^r during flight, (Tliis problem has sulisequently been 
mitigated by ar imiiroved mounting system.) Because of this vibration the 
data show a larger statistical spread than had been olitained in previous 
flights flle76, Me781. 'Ihe spectrometer was used to determine the neutron 
flax density in the energx'’ range .5 MeV ^ ^ ^nd the data obtained 

confiared with measurements of the moderated RF. counter (which measures 
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neutrons from thermal energies to about 20 MeVJ are sumnwri zed in Table 5. 

During operation the proton spectrometer was calibrated with a standard 

252 

MBS PuB(a,n) neutron source and checked with a Cf neutron source. 


TABU: 5. Neutron density measured at two latitudes 
(altitude 41,000 ft). 


Geomagnetic 
latitudes, X 
(deg. N) 

Flux density 
measured by the 
recoil proton 
spec tiome ter 
(n/cm^ - sec) 

Flux density 
measured by the 
nK)de rated BF-^ 
counter 
fn/cm^ - secj 

50.7 

0.35 ± 5% 

2.28 ± 1.5% 

20 

0.084 ± 14% 

0.437 ±1.8% 

Ratio of the flux 
density at 50.7“N 
to that at 20°N: 

4.2 ± 15% 

5.2 ± 2.4% 

Neutron Differential 

bnergy Spectrum 



llie cxixjrimcntal data obtained witli the Bonn<^‘r sphere spectrometer 
have been used to estimate the neutron differential energy spectrum with 
the conijiutor program LOUIII [l\ou69]. The results are shown m Fig. .3. 

The LOUHT unfolding routine jx^rmits var>'ing constraints to be 
placed on the rapidity and magnitude of fluctuations In the solutions it 
generates. Tliis is achieved by the use of a smoothing parameter, y, which 
normally is given values between 0 and 1.0. The higher value of y> the 
more constraineii are fluctuations in the solution generated and the lower 
the ability to resolve sharp structure in the spectrum. Figure 3 shows 



Differential spectrum (neutrons/cm - sec/Mev) 
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Neutron energy (Mev) 

XBL 7711-10885A 


Fif;. 3. Neutron diffcrcntkil cncrp>’ spectra unfolded from the 
Hawaii data (41,000 ft; geomagnetic latitude 20°N for 
different values of the smoothing parameter y]. 
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solutions for values of y= l-f' fheavily danpcdj, Y = fmotlcratcly damped) 
and Y=0.01 (slightly damped). Significant differences in the calculated 
spectra are evident, hut it is not entirely clear whether this inconsistency 
is due to fluctuations of statistical origin or systematic errors introduced 
by the use of two detectors of differcni size and a mixed set of moderators. 

Table 6 summarizes data taken during ITiglit on ZO October l‘)75 
and Fig. 4 shows the differential neutron spectrum calculated by the LOUIII 
routine. This spectrum is imiKjrtant in that it is obtained from data 
taken with a complete set of Bonner moderators and from an aluminum 
activation detector. It represents a significant step forward in our 
goal to obtain an improved detenninat ion of the cosmic ray neutron spectrum. 


Ty\BLi; h. Moffett l ield l light «9, .^0 October 1975. 

0.5 in. diiim. x 0.5 in. high I.il and 
aluminum activation detector counting rates. 


Moderator Diunting 

diaiiietor rate (cpm) 


0 

in. 

51. 

7 

in. 

108. 

3 

in. 

193. 

5 

in. 

257. 

8 

in. 

236. 

10 

in. 

193. 

12 

in. 

144. 

18 

in. 

69. 



-*-Na 


24 


24.1 
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Analysis of the data obtained during Flights through #9 have 
shown that: 

a) Data obtained with the lionner spheres mast have a statistical 
accuracy of about ±1% if tiie neutron spectrum in the region 
0.1 to 10 NlcV is to be well defined. (At the present time 
our data contain statistical errors ninging from ±11 to ±201.) 

b) It will be desirable to obtain a comj)lete sot of experimental 
data with a moderator nuidc of one material. 

c) Data should be taken with Li I detectors of the standard 
dimensions (0.5 in. diam. ^ 0.5 in. high). 

5. CONCLUSIONS 

'file data taken ;il)oard the six flights described here have enabled 
significant progress to be made. 

First, and last imiiortantly , we now know that !>onner sphere data 
of accuracy adctiuate to determine the cosmic ray neutron spectrum may be 
obtained in flight of duration 4-0 hours. 'Ibe taking of data simultaneoasly 
on all moderators will enable the required statistical precision of ±1?. 
to be obtained and will remove any systematic uncertainties introduced by 
our present nomuilization tedinique. 

Second, we know that the moderator response functions calculated by 
Sanna are internally consistent. 

Iliird, we have been able to coninne Bonner sphere data with 
aluminum activation detector data. 

Fourth, we have flow the bismuth fission counter and found it to 
be stable and reliable in operation during flights at high altitudes. 



llie ultimate addition of data from this detector is most imjtortant to the 
determination of the higli-encryv neutron flux density. 

Fifth, we have obtained a ^;reat deal of insight into the operation 
of LOUHI . 
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